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Abstract. The paper describes the developed system for the thermal utilization of solid organic 
waste, which can simultaneously process the paper, wood, rubber, plastic, etc. A method for 
improving the efficiency of the equipment, due to optimization of the gas extraction system 
was proposed. The influence of the characteristics of installed equipment and modes of their 
work on energy savings and efficiency of the gas extraction system was also determined. 
Optimization work which includes the introduction into the exhauster control system of the 
frequency converter, can save up to 70% of electricity and increases the life of the equipment. 
1. Introduction 
During the development of technological processes and equipment design there is always an issue of 
energy efficiency. This is especially important in the development of equipment for thermal disposal 
of various kinds of solid organic waste in the furnace and boiler units. In most cases, disposing of 
wastes has a small economic benefit, and sometimes is a very costly process [1].  
During the designing of equipment for the disposal of solid organic waste, including solid wastes 
there are always lots of complicated problems. This is primarily due to the morphological composition 
of wastes that come to recycling. The waste may consist of the following organic materials: paper, 
wood (furniture), textiles, various plastics, rubber, etc. [2, 3, 4, 5]. Another important characteristic is 
the fractional composition of the waste, which can vary over a wide range [6, 7]. Such a diversity of 
species and sizes of raw materials greatly complicates the calculation and design of the equipment.  
Secondly it's an environmental problem. Power plants that use solid waste as fuel are a continuous 
source of toxic emissions into the atmosphere. With the constant increase in the number of equipment 
disposing solid organic waste by thermal methods the problem of clearing of gases becomes very 
important [8, 9, 10, 11].  
There are currently many samples of industrial installations for the thermal disposal of various 
solid waste using incineration technology, pyrolysis and gasification. However, not all technologies 
are energy-efficient and environmentally friendly when you need to dispose all types of waste. For 
example, some installations use only the process of burning. The disadvantage is the allocation of soot 
and toxic substances in the disposal of plastic waste, such as rubber, plastic resin, polyethylene, etc. 
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[12]. In other technologies after waste incineration, there is a neutralization of combustible 
components of waste gases only and non-flammable components (fly ash, heavy metals, etc.) are 
released into the atmosphere [13]. Some installations may not operate at high temperatures and as a 
result do not allow to dispose solid waste containing polymer materials such as rubber and hard 
combustible materials [14, 15].  
All the above factors need to be considered in the development of new equipment for the 
processing and disposal of solid organic wastes of different origin. As a result, the aim is to develop an 
installation that will allow to process solid organic waste, comprising: wood, textiles, rubber, plastics, 
resins, polyethylene and other polymeric materials. 
2. Description of the developed object 
The developed equipment related to waste disposing technology combines two methods of thermal 
processing of raw materials: incineration and pyrolysis. The scheme of developed equipment is shown 
in figure 1. 
 
Figure 1. The installation for thermal disposal of solid wood wastes 
Installation for the thermal disposal of solid organic waste consists of the incineration batch furnace 
1; post-combustion chambers of exhaust and pyrolysis gases 2; removable pyrolysis chambers 3‒4, 
installed in the cyclonic shaft 5‒6 (figure 2); the heat exchanger 7 and cleaning unit of gases emitted 
into the atmosphere. The cleaning unit consists of series-connected scrubber as the Venturi tube 8, a 
packed absorber 9, the separator 10 and the exhauster 11.  
 
Figure 2. General view of the pyrolysis chambers 
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The device operates as follows: pre-sorting of waste occurs with the release of polymeric materials 
such as rubber, plastic, resin, polyethylene, etc. Further, wastes containing polymer materials are 
charged into the removable pyrolysis chamber 3‒4, and the remaining waste is burned in the 
incineration batch furnace 1. Pyrolysis chambers 3‒4 (figure 2) are the same and have the frame 12, 
hermetically closing lid 13 and support gas distribution grid 14 for extraction of the pyrolysis gases. 
Removable pyrolysis chambers 3‒4 are set in to the cyclonic shafts 5‒6 which have the tangential 
entering of exhaust gases in the upper part and helical inserts 15‒16 for even distribution of gas flow 
in the shaft. At the bottom of the shafts there are outlets (taps) 17‒18, which are designed for sealing 
engagement of the pyrolysis chambers with pyrolysis gas outlet channels 19‒20. The outlets (taps) 
17‒18 have a special partition 21 which is designed to prevent the leakage of exhaust gases from the 
shaft in the post-combustion gas chamber 2. After setting the pyrolysis chambers in to the cyclonic 
shafts they are sealed by lids. Cyclonic shafts operate alternately, and the process of switching on and 
off is done by valves 22‒23. So when you turn on one cyclonic shaft the other is disconnected. An 
alternate operation of shafts is necessary for discharging waste pyrolysis chamber and its cleaning 
from carbon residue and loading of a new batch of solid wastes containing polymer materials.  
Waste burning in the incineration batch furnace 1 is performed in the horizontal part of the grate 
24. The supply of oxygen required for combustion and removal of ash is carried out through a hatch 
25 at the bottom of the chamber. The exhaust gases formed during incineration and pyrolysis gases 
through outlets 26 and 19‒20, respectively, enter the post-combustion chamber 2. There it is mixed 
with oxygen supplied via the channel 27. As a result of post-combustion of exhaust and pyrolysis 
gases in oxygen the gas temperature rises to 1400 °C. From the post-combustion chamber 2, the heated 
exhaust gases enter the cyclonic shaft 5‒6 for warming of removable pyrolysis chambers 3‒4. The 
exhaust gases from cyclonic shaft are fed into the heat exchanger 7 for cooling to a temperature of 
40‒55 ° C and production of thermal energy. For efficient operation the heat exchanger consists of 
three cascaded units operating in countercurrent mode.  
Next, the cooled exhaust gases are cleaned in consecutively installed Venturi scrubber 8, the 
packed absorber 9 and the separator 10. The Venturi scrubber 8 is a frame with the tube unit placed in 
it, diffusers and nozzles placed at the top of the apparatus. The power fluid is sprayed evenly in the 
diffuser and interreacts with the exhaust gases. After that the power fluid flows into the receiving tub 
28. The packed absorber 9 is located vertically above the receiving bath 28 and is provided with 
nozzles 29 for supplying the dispersed absorbent. Venturi scrubber 8 and a packed absorber 9 have a 
total absorbent circulation system. The packed absorber 9 at the top is connected to the separator 10 to 
remove moisture from the gas phase.  
After separator 10 cleaned and cooled to 25‒30 °C flue gases are removed from the exhauster 11 to 
the atmosphere. 
3. Discussion of the developed results 
Analysis of optimization methods of various fuels' combustion showed that most of the energy costs 
are associated with the operation of the gas extraction system. The costs depend on the gas flow rate 
and pressure loss on installed machinery [16]. Also, a significant impact on energy losses have modes 
of the equipment due to the creation of significant pressure oscillations before the exhauster [17]. 
Therefore, in most cases, the throttles and control valves are installed in the gas extraction system. 
These elements create an additional flow resistance and allow the pressure to ensure stable 
performance in the gas extraction system.  
Not only throttle affects on the magnitude of the losses in the regulation but also the exhauster that 
has a certain power. For example, when the old exhauster is replaced by a new one its characteristics 
may be slightly different, that will lead to a change in the pressure range of the gas extraction system. 
All these factors can lead to the loss of up to 45% of the energy of the nominal capacity of the 
equipment, and as a result to reduction of the energy and economic efficiency [18].  
To solve the problem of minimizing the losses associated with pressure control in the gas 
extraction system, it is necessary to eliminate hydraulic resistance by opening all control valves. 
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However, it is possible if the regulatory process will be carried out directly by exhauster. Theory of 
exhauster operation and experimental studies (figure 3) show that the change in the motor speed 
changes the characteristics of the equipment pressure [19, 20]. In figure 3 the curve 1 corresponds to 
the nominal pressure characteristic, while curves 2 and 3 ‒ are to discharge characteristics at low 
speed. 
 
Figure 3. Changes in exhauster characteristics (1, 2, 3) due to the changes in rate of rotation: 1 – 1000 
r/min 2 – 900 r/min; 3 – 750 r/min; 4 – system characteristic 
 
If to set the operation of exhauster motor in a way that it would change its rotation rate during the 
changes of process parameters: gas flow rate and inlet pressure, it would be possible to adjust and 
stabilize the pressure in the gas outlet without energy loss. When using such regulation method the 
pressure loss is eliminated since there is no throttle elements.  
Based on the analysis of the data the method of pressure regulation in the gas extraction system 
was developed. The method consists in introducing the frequency converter in power system of 
exhauster. Control scheme is shown in figure 4. 
 
 
Figure 4. Pressure control scheme in the gas extraction system 
 
The frequency converter is an electronic device which controls the rotation rate of motor due to 
variations in the amplitude and frequency of the electric voltage.  
The proposed method of regulating pressure in the gas extraction system allows not only to reduce 
energy consumption but also to optimize the process [21]. For example, you can change the efficiency 
of the exhauster by changing the motor rate rotation, depending on the gas flow (figure 5). 
From the graph (figure 5) it is seen that the maximum efficiency with a reduction in the rotation 
rate decreases and moves to the left. Analysis of changes in the exhauster rotation rate during the 
changes in flow rotation shows that a decrease in consumption may reduce the rotation rate. If we 
consider the exhauster operation for less than the nominal flow (vertical lines A and B), it is more 
efficient for these modes to operate at low speed. In this case, the efficiency of the exhauster is higher 
VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012095 doi:10.1088/1757-899X/142/1/012095
4
than when operating at the nominal speed. Thus, the decrease in rotation rate according to the load 
process does not only save energy consumption, but also improves the efficiency of exhauster. 
 
 
Figure 5. Changing in coefficient of exhauster efficiency depending on the performance when 
changing the rotation frequency: 1 ‒ 750 r/ min; 2 ‒ 900 r/ min; 3 ‒ 1000 r/ min 
 
Also, the dependence of power consumption on the relative gas flow at the throttle regulation and 
when using the frequency converter  was analyzed (figure 6).  
 
Figure 6. The dependence of the exhauster power consumption on the gas flow while using a 
frequency converter and throttle control 
 
According to the received data the power consumption by using frequency control, as opposed to 
the throttle control is curvilinear and provides energy savings. To calculate the reduction value of the 
power consumption and obtain reliable calculations, it was proposed to use the scaling laws [1]: 
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That is, the reduction of power consumption is in proportion to the reduction in engine speed in the 
third degree. Data show that even in the systems with a constant flow rate it is possible to get an effect 
from the application of frequency converter. The total reduction in energy consumption by using 
frequency regulation can be up to 70%, even with perfectly matched equipment operating in variable 
flow systems. 
4. Conclusions 
The set of proposed technical solutions in the development of installation for thermal utilization of 
solid organic waste can simultaneously dispose different types of solid waste, including rubber, 
plastic, and others. Also, a joint post‒combustion of the pyrolysis gases with the exhaust gases 
contributes not only to reduction of harmful emissions into the atmosphere, but also increasing of 
installation efficiency. In addition, the introduction of frequency control system of exhauster operation 
provides:  
 reduction in valve wear;  
 gradual inclusion of exhauster and access to the operating mode;  
 full motor protection;  
 increase in motor life;  
 noise reduction, which is particularly important at the the exhauster location next to the 
residential or office space.  
The practice of using frequency converters to control the exhausters, fans and pumps proves the 
feasibility of creating a special process control systems [22]. This approach can significantly reduce 
operating costs and improve working conditions. Modern frequency converters allow to monitor more 
than 20 parameters of electric motor status. Processing of these parameters allows for deep diagnostics 
of the equipment and the carried processes. There is an opportunity not only to respond to the evolving 
accident, but also to warn it which is more important for power assets [23].  
Development of equipment for waste utilization using a frequency converter, in which the 
frequency control is carried out in conjunction with a variety of process parameters is very important. 
This not only reduces the consumption of electric energy, but also saves energy resources of the entire 
system. It is advisable to use frequency converters as components of technological process automation 
complexes. Such solutions make it possible to obtain an additional effect, which is obviously more 
than just saving electricity. 
Notation 
H – pressure, Pа; Q – gas expenditure, m3/h;   ‒ efficiency, %; N – power, Watt; n – rotation 
frequency, r/ min. 
Subscripts 
fur – furnace; atm – atmosphere; nom – nominal; max – maximum; sys – system; throt – throttle; 
freq.reg ‒ frequency regulation. 
Acknowledgments 
The presented materials are received during the realization of program for the grant of the President of 
the Russian Federation under state support of young Russian scientists. The cypher of the research 
topic is MK‒3434.2015.8 "Development of theoretical foundations, technologies and equipment of 
VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012095 doi:10.1088/1757-899X/142/1/012095
6
integrated thermochemical processing of waste wood and plant biomass into raw materials for 
chemical synthesis and components of motor fuels". 
References 
[1] Timerbaev N F, Safin R R, Safin R G and Ziatdinova D F, Modeling of the process of energy-
technological treatment of wood waste by method of direct-flow gasification, Journal of 
Engineering and Applied Sciences (EAAS) 9 (5) 2014 р 141-146. 
[2] Garcia A N, Marcilla A, and Font R, Thermogravimetric kinetic study of the pyrolysis of 
municipal solid waste, Thermochimica Acta 254 1995 р 277-304 DOI:10.1016/0040-
6031(94)02002-6  
[3] Lee C C, & Huffman G L, Medical waste management/incineration, Journal of Hazardous 
Materials 48 (1) 1996 р 1-30 DOI:10.1016/0304-3894(95)00153-0  
[4] Wu C H, Chang C Y, Hor J L, Shih S M, Chen L W and Chang F W, On the thermal treatment of 
plastic mixtures of MSW: pyrolysis kinetics Waste Management 13 (3) 1993 р 221-235 
DOI:10.1016/0956-053X(93)90046-Y 
[5] Yufeng Z, Na D, Jihong L and Changzhong X, A new pyrolysis technology and equipment for 
treatment of municipal household garbage and hospital waste Renewable Energy 28 (15) 
2003 2383-2393 DOI:10.1016/S0960-1481(03)00065-X 
[6] Fomin A A, Gusev V G, Safin R G and Safin R R  Dispersion of the margin removed in complex 
milling, Russian Engineering Research 35 2015 р 417-420 
[7] Di Blasi C, Branca C, Lombardi V, Ciappa P and Di Giacomo C, Effects of particle size and 
density on the packed-bed pyrolysis of wood, Energy and Fuels 27 (11) 2013 6781-6791 
DOI:10.1021/ef401481j 
[8] Palacios-Orueta A, Chuvieco E, Parra A and Carmona-Moreno C, Biomass burning emissions: a 
review of models using remote-sensing data Environmental monitoring and assessment 104 
(1-3) 2005 р 189-209.  
[9] Austin C C, Wang D, Ecobichon D J and Dussault G, Characterization of volatile organic 
compounds in smoke at municipal structural fires Journal of Toxicology and Environmental 
Health Part A 63 (6) 2001 р 437-458 DOI:10.1080/152873901300343470 
[10] Nolte C G, Schauer J J, Cass G R and Simoneit B R  Highly polar organic compounds present in 
wood smoke and in the ambient atmosphere, Environmental science & technology 35 (10) 
2001 р 1912-1919 DOI:10.1021/es001420r 
[11] Michal J, Toxicity of pyrolysis and combustion products of poly - (vinyl chloride) Fire and 
Materials 1 (2) 1976 р 57-62 DOI:10.1002/fam.810010205 
[12] Sharma V K, Mincarini M, Fortuna F, Cognini F and Cornacchia G, Disposal of waste tyres for 
energy recovery and safe environment, Review Energy conversion and management 39 (5) 
1998 р 511-528. DOI:10.1016/S0196-8904(97)00044-7 
[13] Suocheng D, Tong K W and Yuping W, Municipal solid waste management in China: using 
commercial management to solve a growing problem, Utilities Policy 10 (12001) р 7-11 
DOI:10.1016/S0957-1787(02)00011-5 
[14] de Marco Rodriguez I, Laresgoiti M F, Cabrero M A, Torres A, Chomon M J and Caballero B, 
Pyrolysis of scrap tyres Fuel processing technology 72 (1) 2001 р 9-22 DOI:10.1016/S0378-
3820(01)00174-6 
[15] Huang W C, Huang M S, Huang C F, Chen C C and Ou K L, Thermochemical conversion of 
polymer wastes into hydrocarbon fuels over various fluidizing cracking catalysts Fuel 89 (9) 
2010 р 2305-2316. DOI:10.1016/j.fuel.2010.04.013 
[16] Zhukov A V, Komarov A N, Safronov A N and Barsukov I V, Experience in connecting the 
power generating units of thermal power plants to automatic secondary frequency regulation 
within the united power system of Russia, Power Technology and Engineering 43 (3) 2009 р 
185-193. 
[17] Zhao P, Henze G P, Plamp S and Cushing V J, Evaluation of commercial building HVAC 
VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012095 doi:10.1088/1757-899X/142/1/012095
7
systems as frequency regulation providers, Energy and Buildings 67 2013 р 225-235. 
DOI:10.1016/j.enbuild.2013.08.031 
[18] Zorchenko N V, Rezinskikh V F, Suslov S Y, Zhukov A V, Safronov A N, Barsukov I V, 
Sobolev A N and Tikhobrazov V A  Evaluating the effect of frequency regulation modes on 
the reliability and economic efficiency of thermal power generation units, Power Technology 
and Engineering (formerly Hydrotechnical Construction) 45 (2) 2011 р 132-136. 
DOI:10.1007/s10749-011-0236-2  
[19] Sun G, Meng F, Guo X and Yang S, Numerical analysis on the characteristics of cavitation in the 
variable frequency regulation of centrifugal pump, In Recent Advances in Computer Science 
and Information Engineering 2012 p 281-286 Springer Berlin Heidelberg. DOI:10.1007/978-
3-642-25766-7_37 
[20] Bevrani H, Robust multi-objective control-based frequency regulation, In Robust Power System 
Frequency Control 2014 p 105-129 Springer International Publishing. DOI:10.1007/978-0-
387-84878-5_6 
[21] Monteiro L M and Igreja J M, On Performance of Distributed Model Predictive Control in Power 
System Frequency Regulation, In CONTROLO’2014 – Proceedings of the 11th Portuguese 
Conference on Automatic Control 2015 p 71-80 Springer International Publishing. 
DOI:10.1007/978-3-319-10380-8_8 
[22] Zhao P, Henze G P, Brandemuehl M J, Cushing V J and Plamp S, Dynamic frequency regulation 
resources of commercial buildings through combined building system resources using a 
supervisory control methodology Energy and Buildings 86 2015 137-150 
DOI:10.1016/j.enbuild.2014.09.078 
[23] Dobganyuk I Y, Lokhmatov A P, Plotnikova T V, Sokur P V, Tuzov P Y and Shakaryan Y G  
Asynchronized machines as a means of counter-emergency control and frequency regulation 
in a power system Power Technology and Engineering (formerly Hydrotechnical 
Construction) 45 (6) 2012 466-470 DOI:10.1007/s10749-012-0296-y 
 
VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012095 doi:10.1088/1757-899X/142/1/012095
8
